Introduction Nerve injury during implant placement is a preventable, serious complication with major medico-legal implications. The incidence of implant related inferior alveolar nerve (IAN) injuries varies from 0-40%. This article presents four cases of IAN injury following mandibular implant placement with early removal, referred to the oral surgery department, King's College Hospital, London. Objectives To assess sensory disturbance and recovery in patients with implant related IAN injury and assess whether early removal of the implants promotes neural recovery. To present recommendations on how to best deal with suspected/actual nerve injuries and prevent their occurrence. Methods Over the last two years, four patients referred for specialist opinion to the oral surgery department were identifi ed as having sustained implant related IAN injury with early removal (18 hours to four days post-injury). Data were collected by referral to health records. Results All patients suffered from numbness of the affected inferior alveolar dermatome with three out of four cases also experiencing some form of neuropathic pain. Cases 1 and 2, who had their implants removed at 18 and 36 hours post-injury respectively, regained almost complete sensory recovery. Case 1 also had adjunctive NSAID and steroid therapy. Cases 3 and 4 suffered complete numbness in the inferior alveolar dermatome and did not experience any improvement in sensation following removal of their implants at two and four days post-injury respectively. Both patients with signifi cant persistent neuropathy (Cases 3 & 4) reported functional problems. Conclusion This cohort of patients may demonstrate that early removal of implants associated with IAN injury (less than 36 hours post-injury) may assist in minimising or even resolution of IAN neuropathy. Adjunctive corticosteroid and high dose non-steroidal anti-infl ammatory therapy also appears effective. Implant related IAN injury is a preventable, elective procedure and a suggested protocol of management of suspected injuries, for dental practitioners, is presented.
INTRODUCTION

Pain and functional problems
The incidence of implant related nerve injuries varies from 0-40%. [5] [6] [7] [8] [9] [10] [11] [12] Injuries to the inferior alveolar nerve during dental surgery remains a common and complex clinical problem with major medicolegal implications. 1 Sensory nerve injury often results not in numbness which is a common misapprehension but in altered sensation and/or pain. This commonly interferes with speech, eating, kissing, make-up application, shaving and drinking, in fact, just about every social interaction we take for granted. 2 Following oral implant rehabilitation, the patient usually expects and experiences significant improvements, not only regarding jaw function, but also in relation to dental, facial, and even overall body image. 3 Thus these injuries have a signifi cant negative effect on the patient's quality of life and the iatrogenesis of these injuries compounds the negative psychological effects for these injuries. 4 
Type of nerve injury
Sensory nerve injuries may be caused by mechanical, chemical, thermal stimuli and ischaemia. Several modalities of nerve injury including direct trauma, infl ammation and infection are the main causes of post-operative neural disturbances. 22 These injuries may occur during preparation or placement of an implant. They may be directly related to the depth of preparation, implant length or width. 13 Trauma may be direct (mechanical or chemical) or indirect (haemorrhage or scarring). Alkalinic nerve injuries from irrigation of the implant bed with sodium hypochlorite (not recommended practice) solutions should be avoided and saline used instead.
Trauma to a peripheral nerve may result in a defi ciency ranging from total loss of sensation (anaesthesia) to a mild decrease in feeling (mild hypoesthesia). Troublesome altered sensation (dysesthesia) or pain, both of which may be constant or spontaneous or evoked (Allodynia is pain response to normal stimulus). The pathophysiology of these IAN neuropathies is complex, and treatment results are often disappointing. Many authors provide unrealistic expectations
• Outlines types of nerve injury including those that might result from implant placement.
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I N B R I E F PRACTICE
for early microsurgical repair and the presence of anaesthesia, dysesthesia or spontaneous pain also indicates poor prospects for recovery even with surgical intervention. 2, 11 Overall, 25% of patients with iatrogenic paraesthesia suffer permanent effects. 28, 29 Based on studies evaluating the recovery of lingual nerve injuries subsequent to third molar surgery, Blackburn 26 and Mason 27 report that 90% of lingual nerve injuries are temporary and resolve at 8-10 weeks post-surgically. The lingual nerve is not comparable with the IAN in that it lies in soft tissue, is not confi ned within a bony canal as is the IAN, thus it will be less prone to ischaemic injury in relation to primary or secondary haemorrhage. Thus we must be careful of making incorrect assumptions regarding the potential for recovery of IAN injuries.
It is worth noting that the known method of causing maximum neuropathic pain in the rat model is to ligate the sciatic nerve. A similar effect may occur within the IAN bony canal after haemorrhage or debris competes with the nerve for space. This may explain the many patients suffering with neuropathic pain associated with IAN iatrogenic nerve injuries.
There are rare reports of resolution of implant related IAN neuropathies at over four years but these do not comply with normal reports of peripheral sensory nerve injuries.
23-25
Current management
There are currently no standardised guidelines on the management of implant related nerve injury. In contrast to other surgical specialties who surgically explore all known peripheral sensory nerve injuries (plastics and orthopaedics) immediately, we, as a profession, sit and wait for these sensory nerve injuries to resolve.
Many authors recommend referral of injuries before four months but this may be too late for many peripheral sensory nerve injuries. 11 We now understand that after three months, permanent central and peripheral changes occur within the nervous system subsequent to injury, that are unlikely to respond to surgical intervention. 2 Hegedus and Diecidue 11 recommend removing the implant immediately and replacing it several days later when initial healing has taken place allowing optimal neural healing.
Planning
Many injuries can be prevented through better patient selection, planning and execution of procedures. [13] [14] [15] [16] [17] [18] [19] Patient management can often be improved by informed consent and post-operative care with early referral for nerve injuries. Many practitioners use software to assist in the planning of implants and for the identifi cation of the IAN canal position with the specifi c aim to place the implants more than 2 mm from the IAN canal.
14 It may be prudent to highlight that it is the practitioner that draws in the IAN canal for assessment which will not be objective and is subject to error. More recently Abarca et al. 4 have highlighted the necessity for cross-sectional imaging even for surgical procedures in the symphyseal region due to unforeseen nerve injuries. Several papers have reported the mental nerve anatomy. [14] [15] [16] These suggest leaving a 2 mm zone of safety between an implant and the coronal aspect of the nerve on panoramic and periapical fi lms prior to implant placement; use of CT (cone beam CT) scans when these techniques often do not provide clarity with respect to the position of the nerve; surgical corroboration of the mental nerve's position when an anterior loop of the mental foramen is suspected of being present or if the zone of safety (in millimetres) for implant placement is clear. Clinicians must have an awareness that certain prep drills are up to 1.5 mm longer than the placed implant. In general, altered lip sensations are preventable if the nerve and mental nerve is radiographically located and this knowledge is employed when performing surgical procedures in the foraminal area.
14 Avoidance of nerve injury is sometimes attempted by using techniques including inferior alveolar nerve lateralisation and posterior alveolar distraction, however, these high-risk procedures are more likely to result in inferior alveolar nerve defect regardless of the surgeon's experience. 10, 17 Both the lingual and inferior alveolar nerves are at risk of injury during the administration of an inferior alveolar nerve block, but are very rare (approximately 1:20-30,000).
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Bone harvesting close to the mental nerve or in the retromolar region may also cause nerve injuries.
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Informed consent
All patients must have realistic expectations and also be warned of IAN injury. Assessment of risk must be undertaken in order to appropriately advise the patient with regard to alternative treatment plans and include this possibility in the consent forms. 22 The information should be explicit with ensuring that the patient is aware that nerve injury may cause altered sensation (numbness, pain or troublesome altered sensation) that may be intermittent or constant, temporary or permanent. The patient must also be warned that the neuropathic area may affect all of the IAN dermatome extra-and intra-orally (whole of skin and vermillion of lip and chin on each side and all lower quadrant teeth and associated buccal gums) or just part of the area. When inferior alveolar nerve injury occurs it is imperative that the surgeon recognise the injury and advise the patient appropriately.
The most desirable outcome after nerve injury is spontaneous return of normal sensation. The likelihood of this occurring depends on both the severity of the injury and the nerve involved. The outcome of nerve injury will depend on multiple factors including: case selection, planning and assessment of the related anatomy, informed consent, surgical expertise and execution.
This article presents four cases of IAN injury following mandibular implant placement with early removal referred to the oral surgery department in King's College Hospital, London. As per standard technique, all implants were removed by reattaching the driver to the head of 
CASE 1 (55-year-old female with implant removal at 18 hours)
Implant placement
Two implants were placed in the lower right fi rst molar region edentulous free end saddle (Fig. 1) . The patient was telephoned on the evening of surgery by the practitioner and she reported persistent numbness of her lower right lip and chin.
Implant removal
The patient returned for removal of both implants the following morning, approximately 17.5 hours post-surgery). During removal of the implants, the patient described an electric-shock feeling, implying some neural continuity.
She was prescribed high dose Ibuprofen (800 mg TDS), amoxicillin 500mg TDS 5/7 and prednisolone 50 mg, once daily for the next fi ve days with step-down 10 mg over the ensuing fi ve days.
Neurosensory function tests (Table 1)
She was urgently referred to the oral surgery department and King's College Hospital for further assessment the day following surgery. Dental panoramic tomography (DPT) showed that the implant sockets were prepared close to IAN canal but did not transect it.
Objective measures of area of neuropathy ranged from 25-30% of the extra-oral region and around 60% of the intra-oral region from the lower right fi rst molar forwards with reduced mechanical sensory function along with light touch, sharp blunt discrimination, moving point discrimination and twopoint discrimination.
The patient's subjective function was reduced at 3 to 4 (out of a possible 10) on the dermal area of the neuropathic region of the right inferior alveolar nerve and 6 to 7 on the vermillion region.
She presented with a minimal area of paraesthesia over the vermillion of the right neuropathic region of the right IAN but no background burning pain.
Review
On review in the oral surgery clinic, six weeks following injury, the patient presented with markedly improved sensation. A small region of the chin supplied by the right IAN (<5 % of possible area) had persistent neurosensory defi cit with some element of cold/mechanical allodynia.
The patient is on a three-month review of her resolving neurosensory defi cit.
CASE 2
(56-year-old female with implant removal at 24-36 hours)
Implant placement
This patient was undergoing implant placement in the lower right and left quadrants for a lower implant retained partial denture. The patient was contacted the night of implant placement in the lower left fi rst molar region and reported improvement in sensation but complained of some discomfort around the area of the implant.
Overnight the patient experienced increased numbness of the whole of her lower left lip, chin and lower anterior teeth.
Implant removal
She presented to the practitioner the morning following surgery with significant numbness in the area of the inferior alveolar nerve. The implant was then removed by the practitioner at the same visit approximately 24 hours following implant placement (Fig. 2) . No medication was prescribed to the patient and she was not taking any regular medication/analgesics. Neurosensory function tests (Table 1) The patient presented to the oral surgery clinic two months following injury with markedly improved sensation. DPT examination demonstrates the implants prepared close to the inferior alveolar canal but did not transect it. On examination, she had a residual minimal area of left inferior alveolar nerve neuropathy with less than 1% of the possible dermatome just affecting less than 1 cm width of the vermillion on the lower left aspect of the lip. She did not experience any spontaneous/ evoked pain, or functional problems.
Review
The patient did not wish to be reviewed for her resolving neurosensory defi cit.
CASE 3 (46-year-old female with implant removal at two days)
Implant placement
Following implant placement in the lower left second premolar region, the patient experienced persistent numbness of left lower lip and chin after local anaesthetic wore off.
Implant removal
The implant was removed two days after surgery (Fig. 3) . No medication was prescribed to the patient and she was not taking any regular medication/analgesics.
Neurosensory function tests (Table 1)
Three months following injury the patient presented to the oral surgery department, February 2007, with signifi cant altered sensation of the left inferior alveolar region. She was experiencing severe evoked pain on cold or tactile stimulation over the region. Functionally the patient had signifi cant problems with eating, speaking, drinking, kissing and sleeping. There was no improvement in sensation over the three month period.
DPT demonstrates implant preparation in close proximity to the mental nerve foramen. On examination, the area of neuropathy involved 100% of the inferior alveolar nerve dermatome extra-orally with a degree of thermal and mechanical allodynia with hyperalgesia.
Intra-orally, she had a signifi cant neuropathic area affecting the mental nerve division from the lower left second premolar forwards with extreme diffi culty in brushing her teeth. Mechanosensory function was reduced and subjective function was elevated out of a 'normal sensation' of 10 ranging from 11-14 in line with mechanical allodynia.
Review
The patient is no longer under review. She accepts her permanent neuropathy and is managing her evoked pain with topical lidocaine patches.
CASE 4 (39-year-old female with implant removal at four days)
Implant placement
Following implant placement in the lower right second premolar region the patient experienced persistent numbness of the right lower lip and chin after the local anaesthetic wore off.
Implant removal
The implant was removed four days after surgery (Fig. 4) . No medication was prescribed to the patient and she was not taking any regular medication/analgesics.
Neurosensory function tests (Table 1)
Two months following injury the patient presented to the oral surgery department, October 2006, with signifi cant altered sensation of the right inferior alveolar region. She did not experience any spontaneous/evoked pain, or functional problems. There was no improvement in sensation over the two month period.
Right sectional DPT demonstrates bone defect of the implant preparation sitting millimetres above the mental nerve foramen.
On examination, the area of neuropathy involved 100% of the inferior alveolar nerve dermatome with a degree of mechanical allodynia with hyperalgesia.
Intra-orally, she had a signifi cant neuropathic area affecting the mental nerve division from the lower right second premolar forwards. Subjective function was elevated out of a 'normal sensation' of 10 ranging from 11-14, inline with mechanical allodynia.
Review
The patient is no longer under review and accepts her permanent neuropathy.
OBSERVATIONS
All patients suffered from numbness of the affected inferior alveolar dermatome with all cases also experiencing some form of neuropathic pain.
The two patients (Cases 1 and 2) who had their implants removed within 36 hours post-surgery regained almost complete sensory recovery. Cases 3 and 4 suffered complete numbness in the inferior alveolar dermatome and did not experience any improvement in sensation following removal of their implants at two and four days respectively. Case 1 also had adjunctive high dose nonsteroidal-anti-infl ammatories (NSAIDs) and steroid therapy which may in theory 
DISCUSSION
All four cases suffered from neuropathic pain in this cohort. This may suggest that the type of injury caused by implant placement is due to primary or secondary ischaemia of the IAN by haemorrhage into the canal, rather than direct mechanical trauma by the implant itself. 'Cracking' of the IAN canal roof by its close proximity to preparation of the implant bed (millimetres) may cause haemorrhage into the canal or deposition of debris which may compress and cause ischaemia of the nerve. This constrictive effect on the nerve may persist if the implant is left in situ, even if the implant is 'backed-up' or a shorter implant is placed (Fig. 5) .
Intraoperatively risk factors may also include a sudden give during preparation (penetration of canal wall as reported in two of four cases) or a reported electricshock type feeling during preparation (one of four cases). If there is an inferior alveolar arterial or venous bleed (two cases presented) it may be advisable not to place the implant and to wait two to three days to ensure no nerve damage has occurred and then place the implant in granulation tissue which should not compromise the success of the implant. However, there is no evidence to support this practice yet.
Two of the four cases who had their implants removed within 36 hours experienced a dramatic improvement in sensation, although there is no way of knowing whether the injuries would have resolved if the implants were left in situ. Removal of the implants at two days or more following nerve injury in our cases did not show an improvement in sensation and may place patients at a higher risk of permanent altered sensation. On this basis we suggest that each patient should be contacted after the local anaesthetic has worn off (approximately six hours following the procedure) (Fig. 6 ). If they report persistent numbness they should be asked to return to the practice for removal of the implant as soon as practicable. The clinician should take a thorough pain/numbness history and document nerve function of the patient. Objective measures (Table  2) should be taken as well as asking the patient about any functional problems. Once nerve injury is confi rmed, removal of the implant immediately may be prudent as reported in these cases. This may allow faster dispersion of the haemorrhage/debris, allowing improved peripheral nerve regeneration. 11 We, therefore, 
Sharp blunt discrimination (SBD)
Apply a sharp right angle dental probe to the area, with indentation but with no breach of the mucosa/skin. The patient is then asked to compare this sensation to that produced by a blunt region of the probe. The test is considered positive if the patient recognises three out of fi ve of each stimulus correctly.
Two point discrimination threshold (TPDT)
Apply a pointed calliper (starting 2 mm apart) to the mucosa/skin, without movement and gradually open to a maximum distance of 1 centimetre. The distance where the patient reports feeling two separate points is recorded.
Moving two point discrimination threshold (MTPDT)
As for TPDT, but moving the callipers.
Neuralgia
Ask the patient if they experience any spontaneous/ evoked pain and document. Apply ethyl chloride and a mirror handle warmed to 43°C to affected and unaffected areas to determine if the patient feels normal cold or heat sensation or pain (thermal allodynia).
Other fi ndings Document any trauma or scarring due to lip biting, any unusual symptoms during placement or removal of implant, any improvement or change in sensation following injury and any associated functional problems (eating, drinking, shaving, speaking and applying make-up).
suggest that arrangements should be made for removal of the implant as soon as nerve injury is suspected (within 36 hours post-surgery). Adjunctive therapy may be advisable as in Case 1. Since the altered sensation may be due to an infl ammatory reaction, a course of steroid and NSAID treatment may minimise infl ammation and reduce damage to the nerve (oral prednisolone 1 mg per kg per day (maximum 80 mg) for fi rst week with stepping down by 10 mg daily over the following week,) and a high dose of non-steroidal anti-infl ammatory medication (such as ibuprofen [800 milligrams] three times per day) should be prescribed for three weeks. There is a minimal evidence base for steroid medication for the prevention of peripheral sensory nerve injuries although it is routinely prescribed for Bell's palsy and viral infections of the facial nerve. 17 The combination of high-dose steroids and NSAIDs can be associated with signifi cant complications including upper gastrointestinal ulceration if prescribed long term. Even in the short term (two weeks) prescription of these drugs should be undertaken with consideration to the patient's medical history and caution.
CONCLUSION
IAN injury neuropathy associated with implants is generally considered to be permanent even with implant removal which unfortunately is often undertaken late due to delayed referral. As a result many specialists no longer remove implants in patients presenting with IAN neuropathy (Pogrel personal communication) . Prevention of injury is defi nitely better than cure, however, this cohort of patients may demonstrate that non placement or early removal of implants associated with IAN injury may assist in minimising or even resolution of IAN neuropathy and a suggested protocol is presented (Fig. 6 ). These recommendations are preliminary in nature and further studies are need to assess the protocol's effi cacy. Our oral surgery department will continue to audit the outcome of our implant related nerve injury referrals for whom we undertake this management.
